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" In this review of the pains and pleasures of a period which stands widely apart from the ordinary 
routine of my existence, I nave felt the joys and sorrows of years crowded into a few hours, and I have 
nsen from this contemplation of hy-gone days more and more deeply impressed with the conviction of 
the hencficent, calming and ennobling influences of the study of nature generally, and of the history of 
living beings more especially. The studjr of zoology, by bringing us constantly into the presence of 
the infinitely grand and varied problem of organisation, and by comprehending within the scope of its 
contemplation both animal structures and that unknown agent which we term life, at once stimulates 
our reasoning powers and elevates our moral aspirations, and thus, satisfies all the requirements of 
our double nature. And it is no doubt owing to the fact of this science appealing simultaneously to 
our intellectual and moral instincts that it exerts so powerful an influence over those who devote 
themselves in a humble and teachable spirit to its pursuit." — The Rambles of a Naturalist on the 
coasts of France, Spain, afid iSicily, by A. de Quatrefages, translated by E. C. Ott6, lb57. 



TO 



PHILIP HENRY GOSSE, ESQ., F.E.S. 



Author of The Aqua/rvwm, 



1 INSCRIBE THE RE-ISSUE OF THIS PAPER, WITH FEELINGS 



OP SINCERE GRATITUDE AND RESPECT. 



PREFACE. 



The writer having had nearly fourteen years' experience in the managemeni 
of the Marine Aqoariam, hopes that this little book, which is an enlargement of the 
original paper read before the Society, may be found nseful to amateurs and students 
who wish for a manual of practical instruction thereon. 

Being assured that the appreciation of the Marine Aquarium as an important 
educational institution is steadily advancing, and feeling that any information, which 
from this point of view assists its progress, will be very acceptable and valuable to 
the public, the writer invites critlciam from those who have studied the subject. 



Birmingham, 
March, 1876. 



On the Principles and Management 

OF THE 

Marine Aquarium. 



I APPRAR boforo you m tlio author of a Paper thifl ovoning in 
oomplianco with tJio roquost of rnrtain of tho Momborfi, mado to me 
some time since by the Honorary Secretary, that I would give some 
information as to tlie management of my own Ac^uarium ; and because 
it has occurred to me that any particulars on the subject of Aquaria 
generally may be acceptable at the present time, when public attention 
has been directed .to the establishment of a Marine Aquarium in 
Birmingham, the more especially as I have, since our last Soir/'e when 
I had the honour to introduce tho subject, met many intelligent men in 
the town who have said to me, " Yes ! a Marino Aquarium would be a 
" capital thing for Birmingliam, but how should you manage about tho 
" water V* A very natural question, and one per se that is capable of a 
ready answer. Bring it by rail at the clieapcst rate you can got it, 
as you would any other commodity that you require from a distance I 
But to my (querists I fear this answer would by no means solve the 
difficulty in their minds, which is probably more deep-seated than 
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appears on the surface — ^the popular notion of an Aquarium being in 
all probability derived from those antiquated glass vessels of globular 
shape and narrowed upper extremity (upon which it would be well if 
the Legislature imposed a heavy tax as a prevention of cruelty to 
animals) — ^in which gold and silver fish have been imprisoned, and 
the water has been changed at more or less irregular intervals ! My 
present purpose is to show, — incidentally in connection with its prin- 
ciples and management, — what those experienced in these matters are 
perfectly well aware of, that the water' of a well-managed Aquarium 
needs to be changed no more than does the soil of one's garden in 
which are grown vegetables and flowers. It is, however, true that 
there is a loss of quantity by evaporation, and also a loss of some 
of the chemical constituents of sea-water, on account of the extraction 
of calcareous matter by tubeworms, crustaceans, &c., which deposit it in 
constructing their coverings — ^as vegetables and flowers extract a certain 
amount of the original constituents of the soil, which may be replenished 
from time to time by natural or artificial means. Therefore the soil is 
simply a medium for the growth of plants — and the water in the 
Aquarium a medium for the preservation of animals. 

Beyond my own circle of friends and from those not members of this 
Society the question may naturally arise — but what are your qualifica- 
tions for giving an opinion on the subject of Aquaria? — the querists 
naturally inferring from my official position as Treasurer of your great 
Borough that figures and foraminifera — accounts and sea-anemones — 
blue books and barnacles have very few affinities in common. It might 
be of little interest to this meeting to tell how upwards of thirteen 
years ago, I first directed my attention to the subject of Marine Zoology, 
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TIIK MAIIINK AmJAItlUM—Tfm wtUu/h mrly indnicturii. 

tiut to nu) It iif A V(d7 \Ais9Mmi retroffpoct, and tlm ntimm of kind MomU 
to wlwm I ftm iml«l)ted for («irly instruction, •uch m Dr. Wttdo, 
Mr. W. Mtttti^u WUlittRW, formorly of thin Iniititut«, Mr. Jowph J5rflgg, 
and ot)u$rii, occur to my mind witlt gratoful romenit/ranco. SubNi3<iucntly, 
wlicu I luul outstcppixl thoir toocliingN — aucfsiXMlod tbo«o of Mr. P. II. 
OoMO, fi*om wlwni purwoniiUy and through who«« writings I Imvo dorlvod 
i\te most vttlunhb Infonimtion and hwi«ftt In nwny ways, •Inillarly, fi'om 
Dr. ^{xmcor Cohhold, and from Mr. W. A. Uoyd, of i\ui Crystal Palaco, 
Hamburgli and otlicr Aquaria, whoso great knowlisdgc and cxporlcnco 
bavo always horn at my scrvico during a period of twelve years, wlten^ 
•ver I have sought his opinion. Tlirougliout tlmt time I have main- 
tained in perfect lu^alth marine animals of great variety aTtd heauty — 
•ome of excessive rarity— for examph) the hoautlfiil Vestlet Oirianthui 
LloydU, (Mwardda mutUa) wlilclt figures life-like — thanks to the gifted 
pencil of my IHend Mr. Q. Sherrlff Tye In tlie 1st part of the Transac- 
tlona of our Society, and which is now I believe nearly extinct on 
the Drltlnh shores. Itegardlng tlmt beautlfUl order of iioophytes tlie 
AeUnoida (or sea-anemones) I wa« quite surprised on looking over 
the Crystal Palace Hand liook of my friend Mr. Lloyd to /Ind tluit at 
one time or other I had possessed twenty-four of the species (thirty) 
enumerated therein, and that, moreover, I had been fortunate in 
possessing three species not now in that Collection. It is not too much 
to say that I Imve exhibited to this Society at various times during 
its exUtence— and tliat of its parent—'' tlie lilrmingham Natural 
Hlstoiy Association ''—a greater number of rare and beautlAil marine 
animaU than Itave been shown and described at any other inland 
Socitty, and I would fiiin hope with some little benefit to science. 
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I do not mention this ostentatiously, but simply to give a practical 
illustration of what can be done by the Maiine Aquarium even in a 
small way. The Aquarium has really an advantage over those beautiful 
little fairy-like rock pools at the sea coast — ^you can group together 
animals of different localities which never can be associated together 
naturally — and you can examine them at your leisure in your own 
room^ and I venture to say that neither you nor your friends will ever 
tire of the examiuation. To me during these years, the Marine Aqua- 
rium has been a subject of intense interest, and an intellectual recreation 
of the greatest relief after ofl&cial work, always of a laborious and 
responsible character. 

The history of Marine Aquaria is interesting, and will repay perusal 
by all who feel inclined to consult Mr. Gosse's exquisite Book — " The 
Aquarium," or Mr. Lloyd's "Hand-Book to the Crystal Palace Aquarium" 
— ^a wonderful sixpennyworth of information that ought to be in the 
hands of every marine Naturalist. To our great townsman, the late 
Dr. Joseph Priestley, for his grand discovery of the mutual depen- 
dence of plants and animals on each*other, must be awarded the 
honour of its discovery. No matter in what Aquaria — ^fresh-water or 
marine — ^public or private — ^large or small — these principles govern 
them. The mode in which they are applied may vary greatly, but the 
effect aimed at is the same. The introduction of the Marine Aqumum 
as an object of public interest is however mainly, if not entirely, 
due to the delightful books of Mr. Gosse — nearly a quarter of a 
century ago— which contain illustrations by his pencil so novel, 
beautiful, and truthful, besides being coloured after nature, that they 
have marked a new era in Zoological literature. 
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TUK MAltlNh: AQl/AIUUM^Mr. annHv^ti ihjlnltlm nf U, 

In liiM "Natumlwt'H RamlJoH on tlio Dovoiwhiro coant," Mr. Qonm 
mtatuii that fur Huvural yoarn \)mi hu liml \mm paying attoiition to our 
iiativu Jlotl/era, ** aiul in tliu mxxxm of tliis Mttuly liml ka))t fruHh wator 
'* ill glaMH va«<in unchauifiul from yuar to y«ar, yut pwrfwctly jmro and 
<' iiiw(5ot and lit for thu HU])i)c)rt of animal lif«, hy niuann of tho a<iuatic 
" [ilantM, Much aM VaUitmfirlaf &q,, which woro growing ^^^ i^* ^<^t; 
''only did tho InfuNoria and Kotifcra brood and nndtiply In huc- 
'' ooMHivo gunoratioiiH in tlumu uncUangod yoshuIh, hut Knttmumtrumf 
" JHunurlti^, NuulcHf and othor Annolido« and f/i/tfrtt^ continuixl tholr 
*' ruHjmctivo raooM; antl tlie young of our rivor ilnliOH woro ahlo to 
'' maintain life for Momo wouIcm in an apparantly lioaltliy Htato, though 
" (porhapH fmm cau80H unconnoctod with tlio purity of tho wator) I 
" wan not a])lo to pruMervo thoMo long/' 

'♦ Tho poHHihility of wmilar roHultH hoiiig obtainod with Hua-wator 
'' hiul MUggOMtod itNulf to my mindi and tho Nuhjuct of growing thu 
** nmrino Ali/(ju had buuomu a favom'ito muMUig, though my ruNidunco lu 
" Louilon procludod any opportunity of carrying out my projoct. My 
''notion wan tlmt ah plantH in a hoalthy Ntatu aro known to givo out 
"oxygon under tho «timuluM of light, and to aMiimilato carbon, and 
" aninmlM on tho othor hand conMumo oxygon and throw oil carbonic 
" acid, tho bahtnco botWMon tlio two might bo OMcurtainod by dxporl- 
" mont, and thuM tho groat circular courwo of nature, tho mutual 
" dopondonco of organic Ul«, bo imitated on a Mmall Mcalo/'* 

Mr. UoMHo then doi«criboM at length hiis moMt interyNting and muc- 
coHMful experimontii with marine animaln and plantn, banted on " tho 
* " A NttturtOiKt'i* llttwWoi on iho Dovoiwliiro Ooiwt," by P. IX. Qqmo, Ji.LM,, Ao., 
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"important anticipation that by this plan great facilities would be 
" afforded for the studj of marine animals, under circumstances not 
" widely diverse from those of nature," and it is a very remarkable 
coincidence, that experiments exactly parallel to his, and founded on 
the same principles, were simultaneously prosecuted with the same 
results, by Mr. Kobert Warington, of Apothecaries' Hall, London, 
(since deceased), who preceded Mr. Gosse in instituting these experi- 
ments. 

Soon after this period (1852) the Marine Aquarium became a 
fashionable amusement which reached a fever of excitement in 1860 — 
something like potichomanie or crochetwork — and appears, on Mr. 
Lloyd's authority, to have nearly died out in 1862, or to have been 
confined to a few enthusiastic amateurs — since which period, how- 
ever, public Aquaria have steadily grown into favour. 

To help us to arrive at a knowledge of the principles of the 
Aquarium we must first ascertain what it is. To Mr. Gosse we are in- 
debted for the name Aquarium — ^as applied to a receptacle for plants 
and ftTn'mftlfl mutually balancing each other — and he discusses in his 
delightful book with that title, its propriety as such, being a word 
" easily pronounced and easUy remembered, significant, and expressive." 
Dr. Carpenter, and others use the term Vivarium — ^to which Mr. Grosse 
objects, as it lacks distinctness of meaning, literally being an enclosure 
in which living animals are kept, such as a park, a rabbit warren, or a 
fish pond, in which sense it was used by the Ancients. Some authors 
have lengthened the term to Aqua^ivanumy to which Mr. Gosse also 
objects on account of its length and uncouthness. The word Aquarium 
is, therefore, in use popularly as signifying a collection of aquatic animals 
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maintainod in hoalth by plants, or by artificial moans supplying their 
place, '^ distingnishing it as a Frosh-wator Aquarium if the contents 
** be fluviatilo, or a Marine Aquarium if it bo such as I have made the 
"subject of the present volume."* 

I venture to suggest the word Aquariist as the most convenient, 
if not the most correct, as applicable to one skilled in the manage- 
ment of the Aquarium. I do so, because the word AquariologUt is too 
long, and the word Aquarian is too indefinite, it has been, I believe, 
used in three senses; 1. By my friend Mr. Kewman, to a person who 
works at, or keeps an Aquarium ; 2. By the Americans to a " water 
drinker,'' or 'Heototaller ; " and 3. By the early Christians, who used 
water instead of wine in the celebration of the Eucharist. Mr. 
Newman's definition, however, has priority to recommend its. adoption 
if desirable. 

Mr. Lloyd, in his book before referred to, which contains the 
most recent results of his largo practical experience, describes the 
Aquarium as " an arrangement for the maintenance of living animalS| 
"under the following throe conditions," viz.: — 

" Ist. The water must not be changed, though it may receive 
" addition from timo to time of whatever it may lose, as, for instance, 
" in fresh water by evaporation, or in such solid matters as are taken 
" from it in the course of tho formation of the shells and other hard 
" parts of creatures existing in it. 

" 2nd. Tho water must be kept not only in a pure and respirable 
" condition by its absorption of atmospheric air at its surface, which 

* '' The A(|narium : an unyoiling of the wonderi of the deep lea,'' by F. H. 
Gone, F.B.S. Second Edition. London, 1856, p. 251. 
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^ absorption may or may not be increased by putting the water in 
" motion in any convenient manner, but this purity must be assisted 
"by the presence of vegetation growing in it,' and tending to decompose 
" the poisonous carbonic acid gas evolved from the animals, such vege- 
" tation taking up the carbon of the gas into its own substance, and 
" liberating the resulting oxygen for the use of the creatures. 

" 3rd. The Animals must not be lung-breathers, that is to say, they 
" must be either such as the sea-anemones and corals and some others 
" which have the function of respiration diffused over their entire 
'* bodies ; or, be such as the creatures above them (up to and ending 
" with fishes), which are provided with gills during their whole period 
" of existence. As lunged animals do not require the purifying pro- 
" cesses just alluded to, an Aquarium is not for their use, and they are 
" therefore excluded from it ; and this exclusion applies even to such 
" aquatic animals as water lizards, frogs, and salamanders in their adult 
" states."* 

Exception may be taken to the third of Mr. Lloyd's propositions 
because the admission or rejection of lung-breathers in no way interferes 
with the balance of the Aquarium, and it is, therefore, a mere matter 
of opinion. The presence of an aquatic mammal in an Aquarium 
Sufficiently large for its accommodation would, it seems to me, be 
somewhat analogous to the position of a ship sailing over the sea. 
The motion of the ship would, to a feeble extent, aerate the water by 
disturbance of its surface — the mammal, by its swimming in the Tank, 
would mechanically contribute to the same effect in, of course, a 

* " Official Hand Book to the Marine Aqnarium of the Crystal Palace Aqnarium 
Company (Limited)/* by W. A. Lloyd. Fourth Edition, 1873, pp. 7, 8. 
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grt^taif dagr^a, but m twp om ahi^mM miU)n k oouooroiid, q%.- 
oapt M tQ t)M) a^r<^t4 whkh would probably bo i»M{g»Uloaut 
iu tliii lAfgo luftM of wtitoif ro<iuir^ for iis aoooiuwx)4AiloR, tbo mammul 
ooulU mt Uavo an approoiablo lulluonoo aitUor in maiuUlniug or 
dUfcm'blug tl^ bolauco, TIio»o wbo Aaw Urn iivni porpoi^ iu tUa 
IJrlgUlou Aiiuarium will doubtlam^ roiuambor, that In t\m lorgd 
Tauk In wki^k it waii Qoulinatl tlutro woi'o a uumbor of oongor 
OtiUf wbkb of oourf^ »i}pplUd tlio ''animal bolai^a/' and il^aro- 
fora tlio imfmimt of i\m nmnunal wa«i not aA^ontial to, and In 
no l)or«»j)tibla way intarferad with siwh balanaa — ami inoraovari 
tlwra wa« ampla spaca for it« ooconunodiition wiUwut Jntarfaring 
In any way with tha congars, whli^h ganarolly rawtad at tlw bottom 
of i\m Tank. Saaringf tl^iafora, tliai^a points in mind, and avan 
admitting tlwt an A^iuarium i«, acaordlng to Mr, Lloyd*** third prO' 
position, a habUat solaly for mariiia or Aajith-watar animahi not 
baing lung braatlmm— and supposing it is datarminad to kaap lung 
br^atlmrs as wall-— suah as porpoisas, dolphins, ota,— suraly tl^y must 
ba maintahmd in wat^ wMoh /or all prmtlml purpom will fm m 
Afjuarimn, although not strlutly onswarlng to its original but parhaps 
somawhat rastrlatad nama, and for raasons alraaily statad It is not 
dasirabla to ahanga tlmt mm^ — rathar tlmn lat It ba mora aomprahanslva 
and admit (wltara proatlaabla) animals of hlgliar organisation, suah 
OS tbosa rafarrad to, 

Writing on this subjaat, and on othars In oonnaatlon with tlm 
Marina A/juarlum— In tha prograss of whlah ba has always takan tlw 
daapast Intarast— In tlia Huahnjlut for 1873, Mr, Jfawman says; ''A 
«< porpolsa or dolphin Is as h>gltlmata an objaat for tlw Aquarium as a 
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" dog-fish or a skate ; — I would even introduce a spermaceti whale 
" did not his magnitude and muscular powers suggest certain difficulties 
" both to his transit and to his captivity." * 

I, therefore, in common with Mr. iN'ewman, agree to differ with 
our friend, and C9nsider the managers of the Brighton or any other 
public Aquarium are, without involving the sacrifice of the name 
Aquarium, or violating the law that governs it, perfectly justified in 
introducing a porpoise, or other aquatic mammal, if they can secure 
and maintain it alive, and exhibit it to the public as an object of 
interest, or, what is more important, derive from it information on any 
point of scientific value. 

How and by what means the other important propositions involving 
the perpetual chain of evolution of one gas by one series of life, and 
its absorption under modified conditions by another series, it in its 
turn giving off in exchange the life constituents necessary for the 
first, and thus constituting the balanciDg principle of the Marine 
Aquarium, are to be successfully carried out — I will try and explain, 
—very briefly pn this occasion, and so far as our present knowledge 
permits — for the limits of a Paper of this description will not allow 
of very elaborate detail. 

I venture to define an Aquarium in its liberal sense, as being a 
vessel of some kind for marine or fresh-water animals to live and move 
in, under conditions where a sufficient amount of oxygen is supplied 
naturally or artificially for the existence of such animals, whether it be 
in the case of the simpler forms of life, such as sea-anemones which 

* The Zoologist, conducted by Edward Newman, F.L.S., F.Z.S., Second Series, 
September 1873, i?. 3,063. 
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respire over the whole surface of their bodies, or animals of higher 
organisation where the organs of respiration are differentiated, as fishes, 
which respire by means of gills ; or mammals which breathe by means 
of lungs ; such mammals absolutely requiring water as a means to move 
in, and coming to its surface to obtain oxygen from the surrounding 
atmosphere necessary to breathe in. 

The three cardinal subjects to bear in mind in their order of 
importance, influencing these conditions, are lighty aeration (which 
implies circulation), and temperature. 

The recent researches in deep-sea dredging although they have 
cleared up many most important points as to the geographical distribu- 
tion of marine animals — pressure — currents — temperature, etc., of the 
sea, and have inaugurated the wonderful doctrine of " the continuity of 
the chalk," have left us still in much obscurity about that mighty 
question light, and its effects on marine life. The latest accounts 
record instances of animals composed almost wholly of eyes — while 
others indicate the total absence of such organs in other animals ! 
Phosphorescence may at great depths compensate the absence of light, 
for we read* that at a depth of about 600 fathoms — off the South 
East coast of Ireland — " Many of the Animals were most brilliantly 
"phosphorescent, and we were afterwards even more 'struck by this 
" phenomenon in our Northern cruise. In some places nearly every- 
" thing brought up seemed to emit light, and the mud itself was 
** perfectly full of luminous specks. The Alcyonarians, the brittle-Stars, 
"and some Annelids were the most brilliant. The Pennatulce, the 
" Virgularice, and the Gorgonice shone with a lambent white light, 

• "The Depths of the Sea," by Professor WyviUe Thomson, F.E.S., 1873, p. 98. 
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" so bright that it showed quite distinctly the hour on a watch; whilst 
"the light fix)m Ophiacantha spintdosa was of a brilliant green, 
" coruscating itom the centre of the disk, now along one arm, now 
" along another, and sometimes vividly illuminating the whole outline 
"ofthestar-fish." 

It is certaiQ that UgJd is the primary question to be considered in 
relation to Aquaria. The presence of it in an uninterrapted volume 
combined with a high rate of temperature, may in a few days convert 
an Aquarium which was in an efficient condition of health and 
beauty of the inhabitants, into a decomposing mass. It must be borne 
in mind, however, that light alone without a high temperature cannot 
cause decomposition in an Aquarium. Excessive light causes an 
excessive development of AlgsB spores, which make sea-water and even 
fresh-water opaquely green, but that does not interfere with the health 
of the animals. When the temperature is above 40® Far., light must 
be admitted sparingly, and adjusted as to quantity and quality. The 
direct rays of the sun should never be allowed to converge on an 
Aquarium, especially if they proceed from the direction of the south, 
or west, or south-west. 

Figure 1 represents a glass Tank transparent on all sides — ^placed 
in a conservatory — ^with the rays of the sun in this objectionable 
manner. The situation is objectionable, the light and heat are 
objectionable, the vessel is objectionable. They illustrate the extremes 
to be avoided — ^because in addition to the great heat directed upon the 
Tank — ^the growth of vegetation will be too excessive — ^no part of the 
Tank will be free from its development. It is a false balance. 

Figure 2 represents a lateral form of illumination in a far less 
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objectionable manner for transparent, and still less for opaque Tanks, the 
straight lines in the figure representing the passage of the rajs of light, 
which in the former case would pass through, as at the dotted lines 
— and although the light in these instances may be right from a 
point in which the north and east rays predominate — ^the form of the 
vessel is bad, especially in the transparent one, where the rays pass 
through it, as it offers too large a surfiEtce for the reception of light, and 
the consequent excessive growth of vegetation is promoted. 

Figure 3 represents what my experience has proved to be the most 
effective, viz. : the slope back dark-chamber Tank, which I have had in 
constant use upwards of twelve years, invented, I believe, by 
Mr. Edward Edwards, late of Menai Straits, but now of Chester, 
(whose beautiful, and successfully managed Aquaria you will 
remember I had the pleasure of describing to this Society in the 
Autumn of 1868) and which was manufactured by Mr. Lloyd. 
In it there is a minimum space for the reception of the rays of 
light. It consists of slate and glass. The dimensions are about 
22 inches long, by 18 inches wide, and 9 inches high. Its 
capacity is about twelve gallons. Three sides are opaque — the fourth 
(of glass) transparent. It is, therefore, viewed horizontally from the 
room in which it is placed, which is its best aspect for the examination 
of the inhabitants, but of course it' permits of vertical observation 
in addition. The dark-chamber is intended to hinder the excessive 
formation of the spores mentioned at page 20, but it does not prevent 
the formation of vegetation on the rockwork, etc. It contains a 
shelving platform, on which are piled masses of rockwork up to 
the top of the inclined surface, and thus the animals can select 
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depths of water most agreeable to them. The dark-chamber at 
the back excludes the mass of water therein from the light, thus 
keeping it cool and free from vegetation, but there is a free circulation 
between this and the main body of water in the Tank, artificially 
assisted as hereafter described. Moreover, the rays of light coming 
from a north-easterly point, (which is the best aspect for an Aquarium, 
and which is the position in which mine is placed) — ^in a slanting 
direction parallel with the platform, enter the water at its surface 
only. Any other mode of illumination is bad — and experience during 
twelve years has demonstrated to me, in maintaining rare and deli- 
cate animals, that this form of Aquarium for private purposes is the 
best of all. This arrangement is not necessary in public or other 
Aquaria provided with streams, because separate reservoirs, such as ^ 

that which the Crystal Palace possesses, form in themselves the dark 
chambers. Any Aquarium may be exposed to great light and may be 
unprovided with an annexed dark chamber, and yet it may act ^' 

well, if it has a separated reservoir underground, of four or five times i 

the capacity of the Aquarium, with which it is in constant and % 

sufficient communication. 

As to aeration^ it follows — the larger the surface of water exposed 
to the atmosphere the larger amount of oxygen wiU be absorbed. 
Mr. Lloyd justly says that — " the value of water for Aquarium pur- 
" poses does not within certain limits depend so much upon the bulk 
" of it as upon the advantageous distribution of that bulk over large 
" spaces." Observe the following illustrations : — 

' Figures 4 and 5 represent two Tanks or vessels of equal capacity 
— ^the contents of each being 1,000 cubic inches. The depth to the 
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water line as shown by the dotted lines respectively, is in No. 5 — 
5 inches j and in iN'o. 4 — 20 inches. The surface water in contact with 
the atmosphere is in iN'o. 5, 200 square inches, and in No. 4, only 50 
square inches. Therefore the absorption of air is in No. 5 four times 
as much as in No. 4. Again, if the surface of No. 5 is smartly agitated 
for a few minutes, the whole column of water is exchanged — but the 
time necessary for this exchange would in No. 4 be quadrupled. 
Therefore No. 5 would accommodate twenty animals in health, against 
a fourth of that number in No. 4. These iSgures are copied from 
Mr. Lloyd's first book, published in 1858,* and have been litho-. 
graphed for me by Mr. G. Sherriff Tye, to whom I record my obligation, 
as also for the other five original drawings. 

The Tank which I have mentioned, permits in a greater degree this 
mode of aeration than any other. With healthy plants growing in 
it, and balancing the animal life it needs but a minimum of attention. 
All that is required being the breaking of the surface, so as to exchange 
the water in contact with the atmosphere, and prevent the accumu- 
lation of a film of dust. This "breaking *' is effected by means of a 
pair of boxwood forceps about seventeen inches long, as at Fig. 7. The 
forceps are held firmly and passed rapidly through the water for a 
few minutes until the whole mass has been disturbed, and bubble-like 
froth in which atmospheric air is entangled appears on the surface. 
This mode is preferable to syringing or such like operations. These 
latter disturb the stratum of shingle at the bottom of the Tank, and 
do not effect an equal distribution of the air introduced; besides, 

* "A List of whatever relates to Aquaria," by W. A. Lloyd, London, 1858, 
p. 130, and " Supplement to tlio same, 1860." 
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the interior of a syringe soon becomes objectionable in odour, and 
unfit for use. My observations under this head, will explain the 
reasons expressed in an earlier part of my Paper against the 
fish-globe shape for Aquaria, where the surface is narrowed and 
contact with the atmosphere lessened. For those who do not care to 
invest in a Tank, a nice little Aquarium, Fig. 6, can be had 
for a few shillings. Obtain a confectioner's cake-glass of about 13 or 
14 inches diameter, and 6 or 7 high — of flint glass free from flaws, have 
a pedestal stand turned for it of some hard wood with an aperture 
for the knob to fit in ; and, although you will have some trouble in 
the adjustment of the light, still with care you may obtain some very 
good eflects, and maintain for a long time many marine animals of the 
radiate type and even small fishes in excellent health. It cannot, 
however, be considered a model Aquarium. 

Paint is excessively injurious to the contents of an Aquarium, and 
wherever painting is going on in the house, the Aquarium should bo 
removed to another room away from its influence. Miss Stephens, 
of Bridport, who has had considerable experience in the management 
of Aquaria during many years, informs me that exposure to the in- 
fluence of an atmosphere impregnated with the smell of paint entirely 
destroyed the inmates of an Aquarium, and a similar case occurred 
within my own experience in which a rare fish died from the effects of 
varnish used after painting in the apartment in which the Aquarium 
was placed ; the volatile constituent of the varnish condensed as a 
scum on the surface of the water, and thus interfering with proper 
aeration produced the effect described. 

If the Fishes seek the surface of the Aquarium constantly — or 
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refiwe food at tho tuitial time — Si the anemones reject food — or pro- 
trude the walls of the alimentary cavity— or abnormally elongate the 
column — or detach the base from the rockwork and lie about loosely 
— these are bad signs, indicating local decomposition, overcrowding, 
or the effects of insufficient aeration, and the evil must be at once 
sought out and remedied. 

The common anemone of the coasts (Actinia mesembryantliemum) 
is, I believe, the best indicator of the healthy state of a Tank, as it 
refuses to expand when the water is in an insufficiently aerated con- 
dition, or too dense from an insufficient supply of fresh water. 

The higher the organisation of the animal the greater is its 
breathing capacity —therefore in public Aquaria, where large fishes 
are maintained, a tree circulation of water through the Tanks, seems to 
me in the absence of a full complement of plants a necessity to obtain 
perfect aeration, and without it it appears to me, to say the least, 
doubtful that such Aquaria can be conducted with that economy and 
successful result which characterise the circulating system* 

Various mechanical appliances have at times been suggested for 
aerating the water in Aquaria — ^notably that of Mr. Hurwood, of 
Ipswich, in 1859, which was ** an arrangement whereby the pressure of 
" a stream of fresh-water, such as exists in the pipes of waterworks in 
** towns, or such as can be got from a high cistern already existing in a 
" dwelling-house, may be empbyed to compress air, which compressed 
*^ air in turn forces a current of sea-water into an Aquarium. — ^This 
"arrangement was adopted in several private Aquaria in England, 
" but afterwards on a much larger scale in the first public Aquarium 
" erected in Paris, in the Aeclimatation Garden, in 1859* This Aquarium 

D 
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*' was very successful, the sea-water not being changed once during its 
" thirteen years of existence." * The late Dr. Ball, of Dublin, also 
invented "a method of keeping sea-water in occasional motion by 
"passing bubbles of air through it with a pair of bellows," and it was 
proposed that the apparatus should be worked by visitors to the public 
Aquarium of that city — ^but, I believe, it is not recorded as to whether 
the invention was successful in its results. Some years ago, I avaDed 
myself for a short time of a contrivance for aerating the water, by sus- 
pending over the Aquarium two or three feet high, a beU-glass 
perforated at the bottom. This glass was filled once or so in a day, 
and the water allowed to filter through a sponge, and drop into the 
Tank below. On the whole I found the effect incommensurate with 
the trouble occasioned, and I discontinued the proceeding. "Where 
practicable. Otto and Langen's gas engine appears to be an exceedingly 
effective, economic and compact motive power for providing continuous 
circulation. The magnificent circulating system in use at the Crystal 
Palace Aquarium will be briefly referred to hereafter. 

Tides, winds, storms, plants, all contribute to the aeration of the 
sea, and all our contrivances are only endeavours to imitate the effect 
of the operations of these agencies. 

As to temperature — ^this is a very important subject in connection 
with Marine Aquaria — apprehended more clearly perhaps when it is 
known that the temperature of our Seas within the depths from which 
we obtain most of the animals adapted to exist in Aquaria, only 
exhibits a range of about 25 degrees, between 40^ and 65^ Fahrenheit, 
whereas our atmospheric temperature varies enormously. I am in- 

- * Official Hand Book to the Marine Aquarium of the Crystal Palace^ &c., page 20. 
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formed that in Britain the lowest recorded temperature in Air in the 
shade is — 7® Fahrenheit, and the highest in air in the shade is 
93® Fahrenheit — or a range of 100 degrees. Consequently it is 
most desirable that the former range (40® to 66®) shall be main- 
tained. The water in the Aquarium should always be cold to the 
hand, let the temperature of the atmosphere bo whatever it may. 
Placed in a north-easterly, or north, or east position, as I have 
stated previously, and in a room well ventilated, and that has 
ordinarily in cold months a fire burning in it, there is little to be feared. 
Extreme cold, although sometimes fatal to animals of the radiate type, 
is not accompanied by rapid decomposition, on account of the bw tem- 
perature prevailing, and it may be modified by placing over the Tank 
at night a newspaper, or covering of some non-conducting material. 
At other times the Tank should not be covered, but exposed to the fVee 
play of the atmosphere. The danger is greatest from an opposite 
[ cause, arUing from rapid decomposition, when almost tropical heat 
suddenly sets in during the summer montlis. At this time the 
patience of the Aquariist will be tried — but by frequent ventilation of 
the apartment — ^by shutting off light by means of a Venetian or other 
blind — by the introduction of a piece of ice once a day, and above all 
means by not overcrowding the Aquarium with animals, one may pull 
through even the *^ dog days'' with success. It is desirable here to 
mention that it is a great mistake when a Tank is going on well to 
add to its stock. Blefuse your friends' present courteously but firmly, 
and do not be tempted under any circumstances to accept the respon- 
sibility of a '' white elephant." 

Bespecting the management of the Marine Aquarium, which is 
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purely practical — ^the good old proverb, " cleanliness is next to god- 
liness," is eminently applicable. If we regard the AqTiarium in the 
light of a Sanitorimn or House of Convalesence, which is a conve- 
nient mode of fixing upon one's mind the necessity for the greatest 
amount of purification naturally and artificially to be always carried 
on, we shall instinctively manage it with this object in view, never 
introducing anything impure, or in even a state of semi decomposition, 
removing such if discovered, and being careful to aerate the water and 
purify whatever was near the decomposing substance. Do not, how- 
ever, think that this is a tedious and harassing process. It is 
nothing of the kind. Ten minutes a day — five at night and five in the 
morning — are quite sufficient for all the necessary work needed. 
Mr. Lloyd very justly says in his Hand Book before referred to — * 
" that the reason why Aquaria in private houses have met with such 
" small success may be found in the natural difficulty of the whole 
"thing; in the general want of a knowledge of Zoology among those 
"attempting it; and in the difficulty of producing an at once 
"sufficiently comprehensive and practical manual of instructions on 
"the subject. General laws can only in such cases be stated, 
" as it is not possible to give any definite rules, applicable under all 
"circumstances, respecting the kind, sizes, and number of animals 
" which may be permanently kept in a given quantity of water, inas- 
" much as the capability of the water for maintaining the animals in a 
" private house (and even in a building specially made for Aquarium 
"purposes), is liable to continual change from various circumstances, 
" among which temperature is a principal one, and regulation of light 

* pp. 12—13. 
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" is another. Such capability is also greatly affected by the propor- 
^^ tionB of the vessel containing the water, for if the fluid is spread out 
'^ in shallow masses, its absorption of air by mere surface contact with 
'' it, and its consequent good condition is much greater than when it is 
" piled up (so to speak) in tall masses with small surface area/* 

Undoubtedly a stream of water, intermittent or continuous, accom- 
panied by means for introducing an abundant supply of air to the 
Aquarium are best adapted to produce the most successful results — 
if one considers for a moment the general character of the inha- 
bitants of a stagnant pond in which live eels, tench, and carp, 
and that of a clear torrent-like river where live trout, salmon, 
and grayling, one gets a tolerably good notion of the suponor 
eflfects of this mode of oxygenation. But this is scarcely practicable 
without much expense in a private Aquarium, although to my 
mind, as already stated, most necessary in public Aquaria. By 
a private Aquarium I mean one maintained in an ordinary dwelling 
house. Nevertheless, by the careful adjustment of the balance of the 
relations of animals and plants — by agitation of the surface for a few 
minutes at night and morning, so as to allow no film of dust to accu- 
mulate or interfere with the free play of air over the surface, we may 
get in some degree a substitute — though animals of high organisation 
as fishes cannot be maintained so successfully as in public Aquaria. 
On the other hand, animals lower in the series of classification, such as 
sea-anemones and other radiates and crustaceans may be main- 
tained for many years. Indeed^ there seems no limit to the life of 
some of them. The celebrated Actinia (a variety of Actinia meaemr 
hryanthemurn., I believe) once the property of Sir J. G. Dalyell is now 
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stated to be in its forty-fifth year of captivity in Edinburgh, has given 
birth to over a thousand young ones, and shows no signs of getting old ! 

I propose to deal with each portion of the Aquarium establishment 
and management separately. 

Assuming that a suitable Tank has been selected, and that the 
errors alluded to in the former part of my paper have been avoided, 
we first consider the rochwork. Experience has demonstrated that for 
such purpose nothing is so suitable as Mica schist, its compact non- 
friable character offering a favourable nidtcs for the growth of 
vegetation. Moreover, its dark green hue has an agreeable effect 
under water, and exhibits the colours of sea-anemones, tube-worms, 
and fishes to advantage. Animals readily adhere to it, and I have in 
my Tank instances of a tube-worm (Serpula triquetra) two inches in 
length, that have developed upon it from germs contained in the sea- 
water. The mica should be of picturesque fracture when broken up, 
and should first be cleansed in fresh-water of impurities, and cemented 
on to the sides and back of the Tank, with none but the best Portland 
cement, finely sifted. After it has well set, fresh river or rain 
water should be introduced and allowed to remain, until all impurities 
and opacity from lime and other causes have subsided. After this, 
it should be rinsed over with sea-water before the stock of sea-water 
is introduced. The mode of displaying the rockwork must be left 
to the taste of the Aquariist. I would, however, recommend the 
avoidance of too many deep crevices, wherein animals may lurk and 
die unsuspected. 

Next comes the shingle. As a relief to the dark green of the 
rockwork, and as acceptable for animals, such as the Echimis (Sea- 
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urchin) to burrow in, nothing is better than the finely-ground masses 
of flint about the size of large peas, found at Shanklin, and on some 
other shores of the Isle of Wight and Southern Coast, — its pale brown 
or buff colour is very suitable as not militating against the colours 
of the inhabitants of the Tank. Sand is not recommended. But few 
Marine animals suitable to be kept in private Aquaria are found bur- 
rowing in sand. Moreover, it is apt to get covered with a filmy mass 
of vegetation, very difficult to dislodge, and the removal of the sand 
from a Tank when requiring to be cleansed is a troublesome process. 
Sand is chiefly objectionable in currentless Aquaria, because it lies 
close, and hinders oxygenated water from circulating among it, 
whereas shingle has interstices admitting water. Before any shingle 
is introduced, it should be carefully cleansed of all shore impurities, 
and this is best effected by washing it in a vessel such as a domestic 
colander, free from, any particle of grease, placed in a tub, under a 
water tap, when all impurities will float away over the surface. Like 
the rockwork it should be rinsed in pure sea-water, before being 
placed at the bottom of the Tank, which it may cover to a depth of 
two or three inches. 

The water. If possible all sea-water for Aquaria should be pro- 
cured during the winter months, as at this period it is freer from germs 
of life, both animal and vegetable, and absorbs a greater quantity of 
oxygen at the surface than at other times. If taken in the hot summer 
months when Medusce and Noctilucce are floating about towards the 
surface, decomposition is often a residt which may cause temporary 
inconvenience. If required for immediate use, it should be taken when 
the tide is coming in — a mile out in the open sea, in the morning if 
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possible, and care should be Lad that the vessel (such as a Bristol stone 
jar, or glass) in which it is conveyed is perfectly clean, and that even 
the cork is a new one. A bad cork has often spoiled a bottle of wine 
— much less has spoiled a bottle of sea-water ! No sea-water should 
be taken along shore from such places as Liverpool, Ehyl, &c., where 
rivers flow and dilute the standard quality, but the preference should be 
given to Weymouth, Toi*quay, Tenby, &c. It should be of high specific 
gravity, so that one gets the largest amount of saline constituents for 
the smallest sum of money. The water should be kept securely corked 
in a cool dark place, and when wanted, carefully syphoned into the 
tank, so that no sediment which may exist may be introduced with 
it. By all means keep in reserve (according to the size of your 
Aquarium) two or three good-sized jars of pure sea-water. It will be 
found useful when specimens are received, and have to be temporarily 
accommodated before being finally located in your Tank. All 
Aquariists should have a store of sea-water under all circumstances 
— " Old store, no sore." 

The standard of the water must be maintained. Its specific gravity 
is about 1,026^ at 60^ Fahrenheit. Sea-water is less dense at a higher 
than a lower temperature. Evaporation goes on constantly, but this 
can be supplied by the introduction of distilled, or pump, or river 
water. I give the preference to distilled water, as it is freer from 
germs that may develop injuriously from river or pump water. The 
fresh-water should not be introduced too rapidly, but a little sea- 
water should first be taken out — a quart or so — and mixed with an 
equal quantity of fresh-water, and this should be gradually intro- 
duced and well agitated with the mass of water in the Aquarium 
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80 as to unifonnly dilute it. Any deviation in the standard may 
be observed by a hydrometer, or by two small glass balls (of different 
colours) acting in concert — one floating at top, and the other remain- 
ing at the bottom of the water — ^when their conditions will vary with 
the strength of the sea-water — or what is as good as anything by 
" rule of thumb " mark on the Tank the normal height of the water, 
which should be correct at introduction, and keep it to the standard 
as before stated. 

There is as a rule more danger to be feared from sea-water be- 
coming too salt by evaporation, than by the accidental introduction 
of too much freslirwaier. In the former case you have a brine or 
pickle, in the latter a dilution that will in time right itself. 

A largo public Aquarium or a small one if there are corals, or 
echinoderms, or crustaceans, or lishes, may require to be occasionally 
supplied with carbonate of lime, to compensate the quantity abstracted 
from the water by animals of these classes — ^personally, however, I 
have never had occasion to use it. 

K properly aerated, the stock of sea-water never need be changed ; 
the greater part of that which is now in my Tank has been unchanged 
(except to compensate loss) for many years — probably seven or more. 

In a private Aquarium there is a certain loss caused by the slopping 
over of the water, and by periodical cleansing and other causes, small 
but appreciable, which must be supplied from the stock-bottle. In 
other respects there is no loss — for you may almost entirely evaporate 
the fluid from a given quantity of sea-water, leaving scarcely anything 
but its saline constituents, and again return it to its normal state by 
the introduction of fresh-water. 
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If from any causes sea-water becomes putrid, exposure of it to the 
oxygenating effects of the atmosphere, in shallow vessels, and oc- 
casionally breaking the surface as previously directed, will soon 
restore it to its original condition. 

I have found that if at the bottom of the Tank there is an accumu- 
lation of sedimentary matter it is a good plan to draw off several gallons 
of the water with a syphon (a few feet of f -inch India-rubber tubing) 
from the bottom, and allow it to settle in separate vessels for a few 
hours, and then return it carefully to the Tank again. A glass dipping- 
tube about ten inches long by a quarter of an inch diameter is very 
useful for the removal of small decomposing substances. 

Much has been said about artificial sea-water, but my experience is 
not very favourable to it — I found it crude and harsh in its effects 
on the anemones, they refused to expand, and shrank up and died. 
Should however anyone desire to make a trial of it I append Mr. 
Gosse*s formula.* His experiments were highly successful, but this 
kind of water does not, so far as I know — except at Hanover and 
Berlin — appear to have been adopted in any public Aquarium, nor 
is it much favoured by amateurs, but my friend Mr. Wright Wilson 
reports very satisfactorily on it, and uses none other. I have been 
informed that if kept in a cool place for some months and the con- 
stituents allowed to blend well together, on exposure to the air 
the ordinary conferva found in a Marine Aquarium will develop 
in artificial sea-water. As the natural element can readily be obtained 



* Commoii table salt - 
Epsom salts . - - 
Chloride of magnesinm 
Chloride of potassium 



- - 3^ onnces ) * j • 
. - I ounce I ^v<>fd°P<>« 



200 grains I ^^^^ 



40 grains 
fb which must be added a little less than one gallon of distilled water, so that a 
, specific gravity bubble 1,026° will just sink in it. " The Aquarivm,*' p. 264. 
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from the coast at a few ponce per gallon, I prefer it, rather than incur 
risk and disappointment. Artificial sea-water, however, needs trial on 
a large scale in England. 

The various accessories of the Aquarium being supplied, now comes 
the important question of vegetation. 

My experience on this head has demonstrated that if the Tank 
is established in the autumn, and a few pieces of rock introduced 
on which are naturally growing fronds of the sea-lettuce {Ulva 
tati88ima)f Spores will be given off the old plants, whicli finding a 
favourable nidus in the Mica, will develop in the early spring months 
into healthy and vigorous vegetation, and will continue until autumn 
again. As soon as the young plants exhibit signs of development the 
old ones must be removed. It is not possible to describe the beauty of 
this vegetation. Even without animals (if it coidd exist) it would be 
worth maintaining in an Aquarium. Of brilliant grass-green colour, 
and of the richest spring tinge, the young Algce appear like broad short 
blades of young wheat plants, gently waving sometimes with the agita- 
tion of the sea-water, and seeming, when undisturbed, like a bank of 
lovely green moss. Erom this under the stimidus of the early morning 
sun during a brief period, globules of oxygen (like silver) rise to the 
surface, and disperse in myriads. It is a truly beautiful sight— K)ne 
of the most interesting I have ever witnessed in connection with 
Aquaria. I have known fronds of between two and three inches in 
length develop in this way. Now, if fishes are maintained in the Tank 
this vegetation is highly serviceable as food for them. I have seen 
my fishes, — grey mullet and wrasse, — ^bobbing at the vegetation for 
half an hour together, and I have seen the blennies tugging at it, 



36 

THE MARINE AQUARIUM— Vegetation as food. 

as a bird does at a worm when making its escape into the ground. 
There is another great advantage connected with this form of growth, 
it neither attacks the slate sides of the Tank, nor the glass, nor the 
shingle — ^their smooth surfaces probably presenting no nidus or rest- 
ing place for the spores. 

I believe it is here for the first time demonstrated, the great 
advantages arising from the introduction of Llva loaded with spores at 
this particular time of the year, when the surfaces of the rockwork are 
absolutely free from any other form of vegetation, and where other 
plants are not present to lead to a "struggle for existence" — ^three most 
important points. Any difficulty likely to occur from excessive 
growth, and consequent decay of this form of vegetation in the autumn, 
may be removed by the annual cleansing hereafter referred to. 

From the repeated success of the experiment, I do not doubt that 
other Algoe, both the Chlorospermece and the Rhodospennece, may be 
cultivated in a similar manner, if regard be had to the points I have 
urged, and to the proper adjustment of light. My object in growing 
the young Ulva was not what my friend Mr. Newman pleasantly calls 
" the crotchet of planting the Aquarium as a lettuce garden," nor so 
much for purposes of aeration, but to afford a healthy vegetable diet for 
my fishes, and their growth and vigour are proofs of its successful effects 
on them. I feel very strongly on this point, and consider that no 
Aquarium can be complete without vegetation as a source of food for 
the inhabitants, irrespective altogether of its value as a means of 
aeration. K we consider the sea as a gigantic natural Aquarium of 
absolute perfection as to the balance of mutual relations, the water 
being the medium of preservation ; life consists of three series — vege- 
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tables, vegetable-feeders, and animal-feeders, — it iS surely not too 
mucli to suppose that the elimination of any one of these series, if such 
an event could arise, would materially aflfect the balance of the whole. 
In the absence of proof to the contrary, we may not unfairly assume 
the same principles and the same results in reference to artificial 
Aquaria. Although, so far as I am aware, there are no statistics of 
the mortality of fishes in public Aquaria, I have been informed by Mr. 
Edwards — and it is a very important fact in illustration — that grey 
mullet have thriven successfully in a private Aquarium for upwards 
of eleven years, and this may probably be due to the circumstance 
that vegetation of some kind is always found in such an Aquarium, 
thus affording natural food for the inhabitants. 

Mr. Gosse's remarks on the growth of sea-weeds in Aquaria 
{The Aquarium, page 276) should be perused by all interested in this 
question, as also a Paper by my fidend Mr. A. W. Wills, in which the 
writer strongly advocates the introduction of searweeds into the 
Aquarium.* 

If sea-weeds are sqaply required as an ornament in addition to 
the Ulva latissima, none are so hardy and beautiful as Bryopsia 
jplumx)8a and GriffitJisia setacea, and if introduced attached to stones 
they will flourish artificially for many months, without exhibiting 
any signs of decay. 

While on the subject of vegetation, I do not maintain that 
the autumn is the only time of the year when a Tank may be estab- 
lished. It certainly can be set up at any time, but, so far as my 
experience has shown, if established at any other period and without 

• " Shall we hare vegetation in Aquaria ? *' — ^A Paper read before the Birmingham 
Krtvral HiBtory and Microioopical Society, by A. W. Will*, F.O.S., President, 1876, 
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the introduction of fronds of Wva latissima, an inferior form of 
vegetation is most frequently the resnlt. The silky greenish-black 
filamentous confervse (SjpiruUna and Oscillatoria) spring up with mar- 
vellous rapidity in hot months, covering rockwork, glass, and shingle, 
and proving most difficult intruders to dislodge. In fact they cannot 
be thoroughly exterminated without a regular scouring process, invol- 
ving much time and trouble. Mr. Lloyd says that conferva, like fire, 
" is a good servant but a bad master." Its growth may be checked by 
the absence of light, and by rubbing the sides of the Tank, and the 
glass front, with a spade-shaped cleanser, covered with folds of lamp- 
cotton, such as that given at Fig. 8. 

As to natural aids for removing excessive vegetation, I am not 
much inclined to them on account of their erratic character, but Mr. 
Lloyd speaks most highly of that important and ejffective vegetable 
scavenger Hdliotis tuherculata (the Ormer), and states that no scrub- 
bing is needed where it is, and where the light is not in great excess. 
Mr. G. Sherriff Tye, who has had much experience in the management 
of the Marine Aquarium, recommends Trochus ufnhilicatus, Idttorina 
Uttorea, and Patella vulgata as good scavengers for a small Tank, and 
thrive well where Hdliotis could not be kept by reason of its large 
size. 

If the suggestions I have enumerated have been carried out as 
to the establishment of the Aquarium, the water in the Tank will be 
brilliant and sparkling, — clear as crystal, — very different from stagnant 
water, such for instance, as that which has been recently boiled and 
cooled, or which has been allowed to stand in a tumbler or water 
bottle for a day or two, in the absence of light and vegetation. It 
will have life in it, so to speak. 
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And now wo conio to tlio conwdoration of a very important quos- 
tion — tlio introduction of tlio inliahUanin of tlio Acpiarium, wliicli 
fthoiild be done after there is an e8ta])li8]i(jd growtli of vegetation 
evolving oxygen. 

It is not poHHi])l(^ to give very Hi)ecific directlonH on thi« point 
— so much depends ni)on tlie size, position, and healthy state of a 
Tank. As a rule, however, the higher the organisation of the animal, 
the larger the space recpiired for its maintenance — for instance, half- 
a-doz(m or a dozen ancjmones, according to size, may he maintained in 
space which would only accommodate four of the smaller crustaceans, 
such as shore crahs and ])rawns, or one fish not more than four or 
five inches in length. Eut what wotdd apply to a low temperature 
in the winter months, would not hold good in weather when without 
much warning, tro])ical heat suddenly scds in. Regard must also bo 
had to the locomotive or stationary habits of the animals introduced— 
vagrants are more difficult to maintain than settlers. 

A brief accpiaintance with the principles of Zoology — as before 
stated — will do more to aid the student in the management of an 
Acpiarium and the association of the various inhabitants of the Tank 
than anything, and will familiarize him with the kinds of animals 
that may be associated together with advantage. 

As U) feecHny, All marine animals require food to be given them 
and if this is not attended to, they will not survive long or 
thrive in the Aquarium, however well regtdated it may be as respects 
the mutual balance of animal and vegetable life. A well-managed 
Aquarium, with the water unchanged, fosters the rei)roduction 
of minute marine life, such as Infu9oriaf JfJntomotitracaf &c., upon 
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which all the inhabitants of a Tank will feed naturally, and 
Bonie, such as tube-worms and pipe-fishes, exist solely on this nutri- 
ment. We do not know upon what the Holothuriajdce (sea-cucumbers), 
and other vermiform echinoderms feed, as sand is usually found in 
their stomachs. Such animals, however, as the sea-anemones, the 
star-fishes, the carnivorous mollusca, and most fishes require to be fed 
artificially. This may be performed not less than once, nor more than four 
times a week, according to the temperature, taking care that by a too 
abundant supply of food an excess of carbonic-acid gas is not given off by 
the animals, which excess is more likely to arise in the summer months. 

For artificial food which should be varied, I recommend uncooked 
fresh fi^h, such as haddock, whiting, sole, or smelt — any fish in fact 
that contains but little oil or fatty matter. Oysters are good, but too 
expensive now-a-days. Give mussels but rarely, as they have an ener- 
vating tendency (if I^ may use such a term in reference to a radiate) 
and weaken the animals if eaten too frequently. Living and healthy 
shrimps form a most important article of diet for many fishes — such as 
the "Wrasse — but they are diJB&cult to procure inland. On an average 
twopence or threepence a week is quite sufficient to supply all the food 
that is necessary for an ordinary Aquarium, as a fragment can be cut 
off fish intended for one's dinner. All food should be freshly killed, 
and never given in a decomposing state. Butcher's meat, poultry, and 
cooked meat should be avoided. My friend Mr. S. Allport records a 
remarkable instance where he gave a piece of cooked fowl to a sea- 
anemone, which almost immediately died as from the effects of poison. 

The food should be chopped into very small pieces, and one of the 
size of a No. 1 shot given with a pair of wooden forceps — which for 
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convenience of handling may be emaller than those at Fig. 7 — to an 
anemone, which when expanded is about the size of a silver threepenny 
piece, and so in proportion. Fish, crustaceans, star-fishes, etc., may 
have larger pieces in proportion to their size, but it is better that they 
should be small. 

It is curious to observe in the lowly organised order of sea* 
anemones a certain amount of instinct or sympathetic intelligence. 
When one is fed, the others in an Aquarium, although closed at the 
time, will soon expand in anticipation of their morsel Crustaceans 
and many fishes will, when domiciliated, readily come and take food 
from the hand, and I once had a tame mollusk, the dog-whelk, (Nassa 
reticulata) which exhibited this intelligence, and always appeared with 
his long cylindrical proboscis carried aloft and waving to and fro 
whenever there was any feeding going on. 

It sometimes happens that the water in an Aquarium indicates by 
a milky appearance or slight smell that some unusual amount of de* 
composition is going on, frequently caused by supplying food to the 
animals. In such cases I have found that a small quantity of Cond/s 
fluid largely diluted at once restores the water to its former brilliancy 
and purity by oxidation of the impurities. This remedy requires to 
be used with great caution, as an excessive supply is detrimental 
to the vegetation. 

After feeding the good old proverb suggests rest — and I have but 
little more with which to trouble my hearers about the management 
of the Marine Aquarium. 

One thing I must mention — and it is an operation perhaps, a little 
troublesome, involving time and patience — cleansing. Once in the 

F 
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year, in late autumn, the Aquarium should be dismantled, except of 
course the rockwork — ^its living contents carefully provided for in 
vessels (temporarily), and the whole thing — slate, glass, rockwork, and 
shingle, thoroughly scrubbed with a brush, and rinsed again and 
again with firesh-water, before the sea-water is returned to the Tank. 
It is rather a tiresome process, but the stimulus to the increased 
health of its inhabitants will be an ample repayment of the 
trouble — ^besides fresh vegetation succeeds better when the decayed 
remains of a previous year's growth have been removed, and the surface 
of the rockwork presents a more favourable nidus for the attachment 
of the spores from newly introduced plants. 

A sponge dipped in fresh-water and passed now and then over the 
water line on the glass in the Tank, will prevent the incrustation of 
saline particles, etc., difficult to dislodge if left for a time. Per- 
sistently adherent vegetation may be removed by the application of 
dilute sulphuric acid, — taking care that it is applied carefully, and the 
rockwork or glass well washed afterwards. 

Mr. Gosse once told me a good story of an elderly lady acquaintance 
of his who had a Marine Aquarium, and whose views of cleanliness 
in its management carried her so far as to call forth the remark that 
" there is nothing for it but soap and water once a week ! " Mr. 
Lloyd informs me that " so carefully balanced are the light, tempera- 
" ture, and air, in relation to the vegetation, animals, and water," 
that the Tanks in the Crystal Palace Aquarium do not require to 
be cleansed; that the supply of oxygen by artificial means is in 
fact, so great, — to use Liebig*s famous expression " eremacausis," — 
as to hum up all decomposing matter, and I am aware that some 
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Aquariists do not attempt the operation of cleansing in private 
Tanka, but my own experience is decidedly in favour of its being 
done as I have suggested, once a year in tlie late autumn. 

Here is a Schedule of the present contents of my own Tank holding 
about twelve gallons of sea- water : — 

3 Mwjil eajdto (Grey Mullet) 4 or 6 inches long. 

3 Crenildbncs rupestris (the Goldsinny), about the same size. 

1 Blennius pholia (Smooth Blenny). 

1 „ Montagui (Montagu's Blenny). 

2 Palamion serratua (Common Prawn) ; and, 

5 species (numbering 8 individuals) of Anemones. 

Here is another Schedule from a glass Aquarium — a confectioner's 
cake glass, which I have previously described — holding between one 
and two gallons of water : — 

2 8yngnathu8 lumhriciformis (Worm-pipe fish). 
1 Muroenoidea guttata (Butter fish). 

1 Lepidogaster himaculatus (Twonspotted Sucker). 

3 Eehimii miliaria (Sea Urchin). 
1 Aaterina gihhoaa (Starlet). 

A mass of tube-worms (SerpiUm), numbering ten or a dozen. 

Several tunicates, and 6 species (numbering 7 individuals) of 
Anemones. Microscopic life of all kinds is found, but of course I 
omit this. All the fishes in this Aquarium, it should be observed, are 
very smalL 

It is not too much to say that all these animals are maintained 
in as good health as it is possible to obtain within the limits of Aquaria 
of small size. Some of the radiates have been in my possession 
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for years — two of them {Tealia crassicornis and Anthea cereus) 
are well known to Aqnariists to be most difficult or almost impracticable 
to keep in health in a private tank. Some of the fishes (which include 
seven species) have been in captivity for eighteen months, and none less 
than four months, and they have grown appreciably. The blennies 
travelled by post from Cornwall last March in a tin box, packed with 
damp seaweed, and they have grown considerably since that time. 

It must be always remembered by the Aquariist that it is not 
sufficient to keep his collection of animals in bare existence. 
It would he cruel to do so. They should present as nearly as possible 
the healthy appearance whiqh they bear in their natural free state, 
possessing appetites to take the food offered to them, and performing the 
functions of reproduction — they will then be in a condition to 
be exhibited by the Aquariist with that satisfaction with which a 
horticulturist would show the treasures of a greenhouse, or the produce 
of a garden on which he has lavished care and attention. 

It does not fall within the scope of the present Paper to discuss the 
construction of public Aquaria ; besides, the subject has since the 
reading been carefully gone into by a Committee appointed by the 
Society.* The principles, however — before stated — which govern 
them and the management to which they are subject are of necessity 
the same, with few modifications, as thos^ which apply to any 
Aquarium. 

All honour to the Zoological Society of London, and to Mr. D. 

W. Mitchell, the late Secretary, and to Mr. E. W. H. Holdsworth for 

* Report of a Committee appointed by The Birmingham Natural History and 
Microscopical Society to obtain information respecting the subject of a Marine 
Aqnarimn, with the view of promoting on efficient Instittitioii of the kind in Bir- 
mingham. 1874. 
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the establishment of "The Fish-house" or Aquariuin in the Zoological 
Gardens in the year 1853, which was the first public Aquarium ever 
erected, and which still flourishes in nearly its original condition* 
Sufficient prominence as an independent institution, which it richly 
deserves, has however scarcely been given to this Aquarium. Its in- 
fluence has, nevertheless, been very great, but it cannot, I think, be 
doubted that the remarkable biological and financial success that has 
attended the career of the Marine Aquarium in the Zoological Gardens 
at Hamburg, has mainly directed public attention to the important 
subject of Aquaria generally, and has stimulated commercial enter- 
prise in establishing most if not all the public Aquaria that have 
been erected since. ''The Hamburg Aquarium was opened in 1864, 
" and had the immense advantage of the early popularity of the re- 
" cently established gardens in which it is situated, and the still greater 
" one of being under the management of Mr. "W. A. Lloyd, whose zeal 
" and self-sacrifice reduced the total current expenditure to £600 per 
"annum on a capital of £3,000. As a consequence, capital and 
^^ profits balanced each other in six years^* The Directors of the Crystal 
Palace Company revived the example in England, and their Insti- 
tution has, under Mr. Lloyd's superintendence, achieved extraordinary 
success. The Brighton Aquarium followed ; and the munificent scale 
upon which it was projected, and the popularity it has enjoyed, 
are signs of its permanency. Marine Aquaria of importance have 
been opened at Manchester and Southport, and other are, I rejoice to 
hear, projected at Liverpool, Edinburgh, Glasgow, Dublin, Kingstown, 
Torquay, Plymouth, Hastings, and Scarborough, as well as in our own 
* Beport of a Committee, Ac. (prerionily refecred to), page 8. 
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good Town; and I venture to look forward hopefully to the tune 
when every large town in England will have its Marine and fresh- 
water Aqnarium open to the mass of the people at a nominal charge. 

It may be interesting to state, for the information of those who 
have not studied the question, that the Aquaria at Brighton and the 
Crystal Palace typify two entirely distinct systems. 

At Brighton there is no means of circulating the water from tank 
to tank, and the water in the reservoir is small as compared with what 
is in the show tanks containing the animals. The water can, however, 
be renewed from the sea; but, in consequence of the supply-pipe 
being near the shore, sand and other detritus are mixed with the water, 
which requires some time to become clear. Aeration is effected by 
pumping air into the tanks through vulcanite pipes of large diameter, 
and purification is assisted by the presence of oysters and other 
mollusks in the tanks, as first suggested by Mr. Gosse. 

In the Crystal Palace system there is a large reservoir four 
or five times the capacity of the show and store tanks, and by 
means of gravitation, and by force-pumps in duplicate to meet cases 
of accident, a perpetual circulation is effected. This is carried out 
by means of a pipe extending over the tops of the tanks, 
from which, under pressure of the force-pumps, a small jet of water, 
the pressure of which can be varied, is directed into each tank ; and 
the jet of water in passing to the bottom of the tank carries with it 
innumerable small bubbles of air, so minute as to have the appearance 
of " falling sand " in the water, or dense steam seen in the air, and 
thus every portion of the tank is submitted to the most perfect 
oxidation. The result is that the water is always brilliantly clear, 
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and the animals in the Aquarium enjoy health in as great a 
measure as can be obtained within the limits of this kind of artificial 
existence. 

In the writer's judgment — without at all undervaluing the 
usefulness of the noble Institution at Brighton* — ^the circulating or 
''natural" system, as in operation at the Crystal Palace, appears to him to 
be immeasurably the most efiective, and only lacks the complement of 
an indigenous growth of sea-weeds, not merely as an adjunct to aera- 
tion, but especially as a means of supplying some of the natural 
vegetable food for the animals (which under present circumstances 
they do not obtain), to make the system as near perfection as our 
present knowledge of these matters enable us to form a conclusion as 
to what is perfection in the management of the Aquarium. To put it 
plainer : — ^if the circulating system were in operation at Brighton, judg- 
ing from the success of the Crystal Palace system, at least three times 
the number of animals might be maintained at Brighton as compared 
with the number now in the tanks. 

But far above all other public Aquaria in the world in scientific 
importance, the highest rank must be assigned to the Marine Aquarium 
at Naples, and all Biologists owe a deep debt of gratitude to Dr. 
Anton Dbhm, the eminent founder, to whose ability, energy, and for- 
tune its success is attributable. Constructed principally on the 
" natural " system as in operation at the Crystal Palace with some re- 
cent modifications to prevent loss of eggs and embyros by the passage 
of the water from one tank to another, the Aquarium from its proximity 

* See an interesting Paper entitled ** The Brighton Aqnariom," by W* Saville 
Kent, F.L.S., in lidtwre, vol. viii. No. 208, 1873. 



48 

THE MARINE AQUARIUM— Sanitary Science, 

to the Mediterranean sea, exhibits a semi-tropical fauna, wonderful 
and beautiful; and to us dwelling in colder temperatures, perfectly un- 
familiar. Not, however, is the Aquarium unique as a mere spectacle 
or public recreation, which it most certainly is of the highest eminence, 
but specially so as a scientific institution. La Stazione Zoologica in 
connection with the Aquarium, to which is attached a laboratory of 
twelve tables and a valuable library in many languages, where accom- 
plished Naturalists from all parts of the world — under most liberal 
arrangements of the management — ^have facilities for pursuing the 
most abstruse studies into the structure, embryogeny, and development 
of marine invertebrate life.* May the noble example set by Dr. 
Dohm find many imitators ! 

In these days when Sanitary Science deservedly occupies so large 
a share of public attention, and promises to influence the future con- 
dition of the people, the Sanitarian may take a lesson from the Marine 
Aquarium, for the principles which govern it — ^the mutual depen- 
dence of animal and vegetable life — are the principles which govern 
our existence : they are continually in operation within us and around 
US. The keeper of an Aquarium cannot be otherwise than a 
sanitarian, and to a certain extent a physiologist ; for if he is to 
manage his Aquarium efficiently, he is bound to notice most par- 
ticularly the elementary principles of Sanitary Science — namely, that 
the animals he has undertaken to maintain in ai^ artificial state of 
existence can only be so maintained by preserving them in a cleanly 
habitation of sufficient cubic space, and by supplying them with pure 

*See an interesting account of the Marine Aquarium at Naples, by Professor 
E. Bay Lankester, in The AthencBwrn, 9th May, 1874. 
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air, pure water, pure and varied food, by maintaining as far as 
possible an tinifonn degree of temperature. The Aquariist will carry 
these principles into the management of his own dwelling, and they 
will influence his conduct whenever he is called upon to discharge 
analogous duties for the benefit of the community. 

Before concluding the subject, I feel bound to say, with refercmce to 
the management of the Marine Aquarium, that the points whereon I 
have imperfectly touched, are simply stated as the results of my own 
experience, and that I do not consider the conclusions arrived at, in 
any way dogmatical or final. We cannot too strongly bear in mind the 
quotation from Lord Macaulay which a former President* gave some 
time ago: — "It is philosophy which never rests, which has never 
"attained, which is never perfect. Its law is progress. A point 
"which yesterday was invisible, is its goal to-day, and will be its 
" starting point to-morrow/' This aphorism eminently applies to the 
Marine Aquarium, as to every other branch of Natural History, and 
I shall feel much obliged to the Members of this Society, and to any- 
one who will kindly take the trouble to give me the benefit of his or 
her experience in the management of the Aquarium, and point out 
wherein I am wrong, and how I may improve. It may be probabla 
that my experiments have been conducted on too small a scale, and 
that greater results would have been obtained, had larger resourcei 
been at my disposal. This I freely admit — with the reservation how- 
ever, that I have been satisfied so far, and have not desired to incur 
ftirther responsibilities. FinU coronat opus. 

* B. Allport, V,Q.B. ** President's Addresf; '' Binningliaoi Naiiir»l liutory md 
Hiorosoopical Society, 1809. 
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My system — ^if I may venture without egotism to call it such — ^has 
been reduced to such automaton-like accuracy that whenever I have 
left home for a fortnight or three weeks in the autumn (generally a 
precarious time for the Aquarium on account of the variability of the 
temperature), I have been quite content to leave my Aquaria in charge 
of one of my boys (under twelve years), or in that of an intelligent 
domestic to whom I have just given a few plain instructions, and I 
never remember to have returned and been disappointed at finding 
that an accident had happened to the contents ; — on the contrary, all 
has invariably gone welL 

Wherever in this Paper I have differed from those whose judgment 
I value, I have expressed my own convictions, and I have stated the 
reasons on which they are based. I trust my friends will concede to 
me that freedom of opinion which they claim for themselves. 

My Paper would perhaps be incomplete without some reference to 
the Marine Aquarium aesthetically and economically considered. 
A good Aquarium is an untiring and ever pleasing object of interest 
and study both to oneself and friends. Unlike a green-house or 
garden, its treasures are always the same — the animal flowers are ever 
blooming — ^and the graceful motions of the crustaceans and fishes may 
be watched for hours together. When supplemented by a Microscope 
a new and inexhaustible field of observation and enquiry opens up to 
the mind — ^because in a healthy Aquarium microscopic forms of life aro 
constantly being developed from germs in the water, and many of tho 
higher forms of marine life may be examined in situ. And what may 
be said of a private Aquarium, may be said of public Aquaria with far 
greater force. It cannot be doubted that a public Aquarium suo- 
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C6(i«faUy managed U one of tbe greatest triumphiei of ecienee that bai 
«Ter been applied to the furthemnee of tbe ntudj of Natural HUtorj* 
When one loolw baek over tbe hUtory of the Aitjuarlum and remem^ 
ber» lt« Introduction bm a fii«bionable amusement twenty or more years 
ago, when tbe genial artist John Leech satirised it In Punch, among the 
follies of tbe 4ay, our times Indeed have clianged, now that Natur$, the 
most Influential of scientific serials, records the additions to the Brighton 
Aquarium as regularly as the Morning Pod chronicles the movements of 
Society. No one who ever sees that wonderful collection, or the smaller, 
but (to me as a Naturalist) still more unique and beautiful one at the 
Crystal Palace, but comes away with his mind exalted by the contem* 
platlon of beings his remotest fency never could have pictured in their 
living state ; confined it is true, but free and active as in ''the depths of 
the sea/' To those who have not seen either, I say visit hoth» You will 
come away and wish you had such a collection in our good Town-^ 
and wishing may Lead to action, and to helping on our movement to 
establish one, 

I have elsewhere* expressed my opinion that a Marine Aquarium, If 
constructed properly and managed efficiently, would be most accept- 
able to Birmingham, and most appropriate, because this was the adopted 
town of the great Priestley, the discoverer of tlie principles that govern 
the Aquarium. It seems to me — and I know otliers whose judg- 
ment I value share my opinion — that no greater attraction or 
means of intellectual recreation for the working classes and our neighs 
hours in the mining districts could be devised — because It would be 
sd utterly difif!erent from any other exhibition now existing, and m 

• TSaliAVf, Vol IX, page 2iM. Juuuutf, Wi. 
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suitable as a relief and mental refreshment for those in crowded 
courts to whom the sea is bift a name ! It is of no use denying the 
fact that " the Sea and its living wonders" have irresistible fascinations 
for us who live far away from them. 

The Marine Aquarium appeals to the two extremes of society; 
to the unlettered — who look with wonder and curiosity on strange- 
ness of form, and beauty of colour — and to the cultivated, who* from 
a higher point regard with profound interest, details of structure 
and afl&nities and analogies with beings of other worlds and times 
besides our own. The Marine Aquarium is at once a living museum 
— a beautiful picture — a choice library ! "Eo cabinet collection of 
dried specimens can bring to view such instances, among a thousand 
others, as the graceful progress of the Pleuronedidoe (the flat fishes) 
or the weird form and muscular contractions of the cuttle-fish ! iN'o 
picture ever painted, can rival in colour the markings of the "Wrasse, 
or the " living fire" (as Mr. I^ewman aptly terms it) of the eyes of the 
gemmeous Dragonet ! iN'o library on Zoology can give the Student a 
clear idea of the denizens of the deep from mere description, as can 
the contemplation of the actual living beings themselves. Doubtless 
as a utilitarian agency for the solution of undetermined points in 
Biology, the Aquarium is still in its infancy, though I cannot help 
thinking, that if the successful cultivation of some marine plants were 
combined with it, as I have shown it can be, even in a small 
Aquarium, it will be of immense value by supplying its inhabitants 
with vegetable food (which under present circumstances they do not 
obtain,) they may breed freely in confinement, and we may in 
some measure help to arrive at a solution of such problems, as how 
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to secure the proper development and render available those almost 
innmnerahle germs of food supply, that are produced by sea fishes in 
general. For instance, the Turbot produces about fourteen millions 
of eggs annually, of which not one perhaps in ten thousand reaches 
maturity, nor one in a million finds its way to our tables ! Our 
knowledge of the laws governing the movements— appearance and 
disappearance in certain localities — of the Herring and other 
fishes, their spawning and time of development, is still obscure, and 
if we had light upon this subject, thousands of tons of valuable 
food would be available for us of a most nutritious and palatable 
character. I cannot consider these enquiries visionary or the 
results obtained from them unprofitable, when I remember that within 
the last few years judicious legislation, the result of accurate know- 
ledge obtained by these researches, has so developed the Salmon fishery, 
that in place of this fish being only obtainable by the few and wealthy, 
it is now every season so cheap and abundant as to be found on the 
table of the artizan. But this is not our present question, the Marine 
Aquarium as a public Institution is established for purposes of amuse- 
ment and instruction. As mankind becomes more highly educated, 
higher intellectual recreation will not be a luxury but a necessity, and 
as such the public Aquarium eminently ranks in our days. May 
the time arrive when the proposed Marine Aquarium for Birmingham 
shall become an established fact, and that it may be on such a scale as 
to rival or even surpass those of other cities, either English or Con- 
tinental, which already possess such a treasure is the very earnest wish 
of mine, shared, I believe, by most of the Members of this Society. 
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POSTSCRIPT. 

VASCULUM FOR COLLECTING MARmE ANIMALS. 

In the Zoologist for 1864, page 9,340, I described a newly devised 
Vasculum which I had in use for the collection and transmission of 
living marine animals from the coast. Since that time my friend, 
Mr. W. P. Marshall, has been good enough to take the subject in 
hand, and has much improved upon the original design, which after 
long experience was found to be somewhat too heavy, and otherwise 
objectionable in consequence of the chipping off of the enamels with 
which the Vasculum was coated. I think it not inappropriate to 
append a description of this Vasculum — as kindly supplied by Mr. 
Marshall — to the foregoing paper, as it may be exceedingly useful for 
those who collect personally, or who require their specimens to be for- 
warded direct from the sea coast. It may not be generally known 
that most marine animals do better when packed in damp sea- weed 
than when transmitted in sea-water. All the sea-anemones 
and corals, all the echinoderms, many crustaceans, and several littoral 
species of fishes may be packed in this way. Mr. Lloyd, in a very in- 
teresting Paper in the Zoologist for February, 1874, gave an elaborate 
account of the best modes of transmission of Aquarium animals, which 
may be read with advantage by all Aquariists. 

The following is Mr. Marshall's description : — "Vasculum or collect- 
"ing-can for aquatic objects, of light construction, convenient for 
"carrying, compact when open for use, quite plain and smooth, and 
" free from any recesses in which small objects might be lost, or dirt 
''accumulated, and readily made clean and dry after using. 
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" It consists of a sqtiare metal can (Fig. 9) with rounded corners, 6 
" in. long, 4 J in. wide, and 6 in. high, with a flat lid having a perfora- 
*l ted centre for ventilation ; the lid is without any lip or fastening, 
*' and has a projecting hinge that allows it to hang close against the side 
" of the can when open ; and the can has a square shaped wire handle 
" that falls down close to either side, and has a wood handle threaded 
" upon the centre portion, the same length as the can. 

"The hottom half of the can forms a well for carrying living 
" animal and vegetable objects in water, and the upper half is occupied 
"by a metal tray 3 in. deep, (Fig. 10) that fits the can loosely, and is 
" supported at each end by a narrow lip resting upon the top edge of 
" the can. This tray has a perforated bottom for drainage, and a vertical 
" tube f in. diameter is fixed in the centre, having a funnel shaped top 
" 1 J in. in diameter level with the top of the can ; this gives access to 
" the well whilst the tray is in its place, and also serves as a ventilator 
" for the well, and a handle for lifting the tray." Animals not requiring 
to be transmitted in sea-water may be packed in damp sea-weed and 
placed on this tray, where they ore kept from being crushed, and the 
medium in which they are packed is constantly preserved moist, by 
the dashing up of the sea-water in the well, which water can be fre« 
quently changed during a long journey without much difficulty. 

The Yasculum has been very efficiently and economically made of 
copper by Mr. T. M. Walker, 17 J Lower Priory, and the Plating 
Company (Limited), 82 Lichfield Street, Birmingham, have success- 
fully coated it with their patent nickel deposit, which protects the 
metal from any action of sea water, and preserves every part perfectly 
bright and clear as silver — an immense advantage, as many delicate 
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marine animals succumb under the effects of confinement where oxi- 
dation is going on from water coming in contact with iron, tin, zinc, or 
indeed with any metal, so far as my experience goes, — except nickel, 
which seems to be absolutely impervious to the action of sea water. 

LIST OF COLLECTORS, &c. OF MAEINE ANIMALS. 

As I have been frequently asked by friends and others, where and 
from whom they can obtain marine animals, I have thought it desirable 
to furnish the names of collectors of, and dealers in such animals. 

If marine animals are wanted, it is best to order them in the late 
autumn or early spring months, because on account of the low tides 
prevailing, rarer and finer animals can be secured, and they will bear 
travelling far better when the temperature is low. 

The following names of Collectors are principally taken from Mr. 
Lloyd's Handbook, referred to in my Paper. 

Mr. E. Edwards, Vrondeg, Upton Park, Chester. 
„ J. Holwell, Morthoe, Ilfracombe. 
„ W. Jenkins, 2, St. Julian's Cottages, Tenby. 
„ R. Pile, Swan Street, Torquay. 
„ J. B. Randell, 19, Allez Street, Guernsey. 
„ C. Rogers, 18, St. Andrew Street, Plymouth. 
„ A. J. R. Sclater, Eank Street, Teignmouth. 
„ R. J. Smith, 25, St. Alban's Row, Weymouth. 
„ J. Thompson, 11, York Place, Southend, Essex. 

Birmingharriy 

March, 1875. 

WATSON AND BALL, PBINTESS, CASTLE ST&BBT, BIKMINOHAM. 
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Foolscap 8vo, 7s. 6d. 
WILKINSON. BRITISH TORTRICES. 8vo, 25s. 

WILKINSON, LADY. WEEDS AND WILD FLOWERS. Post 8vo, 10s. 6<f. 
WILLIAMS. HANDBOOK OP CHEMICAL MANIPULATION. Post 

8vo, 15s. 



8 VAN VOOEST'S ALPHABETICAL LIST 6V BOOKS. 

WOLLASTON. COLEOPTERA ATLANTIDUM. 870, 21«. 

. COLEOPTERA HESPERIDUM. 8yo, 10s.6<?. 

. INSECTA MADERENSIA. Royal 4to, £2 2s. 

. ON THE VARIATION OF SPECIES. Post 8yo, 6s. 

WOODWARD. ON POLARIZED LIGHT. Second Edition, 8vo, 3s. 
YARRELL. HISTORY OF BRITISH BIRDS. Fourth Edition, by Pro- 
fessor Newton. 8vo, in Monthly Parts, 2s. 6<?. each. 

. HISTORY OF BRITISH FISHES. 2 voU. 8to, Third Edition, 

£S3s, 

ON THE SALMON. Oblong foUo, sewed, 12s. 



ZOOLOGIST. A JOURNAL OP NATURAL HISTORY. Is. monthly. 



NATURAL HISTORY OF THE BRITISH ISLES. 

This Series of Works is Illustrated by many Hundred Engravings; every 
Species has been Drawn and Engraved under the immediate inspection of the 
Authors ; the best Artists have b^n employed, and no care or expense has been 
spared. Each Work of the Series is sold separately as enumerated below. 

QUADRUPEDS. By Prof. Bell. (Second Edition in the press.) 

BIRDS. By Mr. Yarrell. Fourth Edition. Edited by Prof. Nbwton, F.R.S. 

In pcurts at 2s. 6d. 
COLOURED ILLUSTRATIONS OF THE EGGS OF BIRDS. By Mr. 

Hewitson. Third Edition. 2 vols., £4 14^. 6d. 
REPTILES. By Prof. Bell. Second Edition, 12s. 

FISHES. By Mr. Yarrell. Third Edition. Edited by Sir John Richard- 
son. 2 vols., £3 3s. 
MOLLUSCOUS ANIMALS AND THEIR SHELLS. By Prof. Edward 

Forbes and Mr. Hanley. 4 vols. 8vo, £Q 10s. (Royal 8vo, coloured, 

£13.) 
STALK-EYED CRUSTACEA. By Prof. Bell. 8vo, £1 5s. 
SESSILE-EYED CRUSTACEA. By Mr. Spbncb Bate and Prof. Wbstwood. 

2 vols., £3, 
STARFISHES. By Prof. Edward Forbes. 15s. 
ZOOPHYTES. By Dr. Johnston. Second Edition. 2 vols., £2 2s. 
HYDROID ZOOPHYTES. By the Rev. T. Hincks. 2 vols., £2 2s. 
BRITISH DIATOMACE-^. 2 vols. By Dr. Donkin. In parts at 2s. 6<?. 

each. 
FOREST TREES. By Mr. Sblby. £1 8s. 

FOSSIL MAMMALS AND BIRDS. By Prof. Owen. £1 lis. Qd. 
A few copies have also been printed on Large Paper. 
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